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1. Introduction 
 
With the evolution of information systems, the results of 
geography and the results from all fields of different disciplines 
become more and more entangled, finding ever more common 
applications. This process is especially spectacular with natural 
sciences like mathematics, statistics and computer sciences. In 
connection with geography, the most important role is of 
geographic information systems; many aspects of which may be 
regarded as geographical applications of the mathematical 
sciences. Geo-informatics, as it names shows, regards informatics 
systems, where the results of the fields of geography serves as 
input data.  
 
Geo-informatics systems offer several advantages over more 
traditional approaches. The most common is that it represents data 
and information by the means of figures and maps, significantly 
simplifying and speeding up their understanding and analysis. 
Similar, maybe a bit less spectacular bit nevertheless not less 
important is the drastic increase of the amount of data that is 
possible to be handled, overviewed and analyzed. Modern 
informatics systems and mathematical models both have increased 
the amount of process able data by magnitudes by themselves, 
while their joint applications have already proven in many 
everyday applications.  
 
The thesis, driven by geographical data (Trans-Danubian Region) 
and following a problem-solution approach, presents research and 
data analysis regarding the development and applications of 
mathematical methods for geographical related problems. This 
approach provides basis the increase of the accuracy of the way 
geographical (and other) factors are incorporated into the 
calculations; the methods require sophisticated and multi level data 
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input, which is more labor and cost intense and demands higher 
levels of preparation than the traditional, general practice.  
 
Mathematical models and methods gained a significant role in the 
fields of economy strategy and in development planning during the 
last decades. The thesis provides a summary of geo-informatics 
related mathematical models, shows it wide range and diverse 
applicability, while presenting several numerical case studies. Just 
as in the case of geo-informatics, in the case of mathematical 
modeling a balance must be found between a model that best 
models and approximates the problem at hand, while also keeping 
it solvable in given time frame using the available hardware, and 
keeping it possible to be populated with all required data. 
 
The models are presented in a general form, although for each 
concrete applications, the computations are always based on data 
from the Trans-Danubian Region. From the disciplines of 
mathematics, the thesis aim to cover a wise range of different 
fields, including methods from statistics, operations research, data 
mining and machine learning. 
 
The summary of the main and special characteristics of the Trans-
Danubian Region is also part of the thesis. This is especially 
important for the development of correct mathematical models, 
and from the aspect of analyzing the results and drawing the right 
conclusions. From a sufficiently large and diverse data set, a good 
statistician can virtually draw any conclusion using the right 
method and parameters. Thus the mathematical methods alone are 
not necessary; for their proper application and analysis, a deep 
understanding of local problems and relations are also necessary. 
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Reasons behind the Trans-Danubion region falling behind  
 
From the comparison with the nationwide data and from the 
special location of the area, the thesis draws the following 
conclusions. Due to its southern border location, the region gets 
significantly less development resources. The population is 
decreasing; the demographical tree is shifting towards the elderly, 
increasing the maintenance cost of the social network. Three 
quarters of the settlements consists of small towns or hamlets, the 
regional centers fail to offer complete functionality; in other words, 
the structure lacks a city structure that would serve as regional 
centers. This contributes to the lack of job opportunities, and 
induces significant commute (about 30%). 
 
The number of disadvantaged areas within the region is higher than 
the national average. Unemployment rates and economical 
inactivity is high. Economical performance if low, the export ratio 
is small, and mainly due to the under developed-infrastructure 
(especially the road system) foreign investments rates are also low. 
 
Tourism is seasonal (with the Balaton area being dominant) and 
the number of higher standard accommodations is few. The region 
falls far from the regionally determining Wien-Budapest line. 
 
2. Aims of the thesis 
 
To develop quick mathematical and optimization models serving 
as decision support systems specifically localized for the Trans-
Danubian region aiming to help coping with the financial crisis 
started in 2008. The main goal is thus to create and demonstrate on 
examples models based on mathematical statistics and 
optimization methods. 
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An important aspect of modeling is the easy applicability and 
deploy-ability, aiming to be based on tools that are already widely 
available or easily attainable on everyday computer systems. 
 
Placing the thesis 
 
Figure 1. Placing the thesis. 
(CSIZMADIA G. 2009.) 
 
3. Methodology and source of data 
 
The models developed in the thesis use a wide range of 
mathematical methods, mainly from the following three 
disciplines: mathematical statistics, operations research and data 
mining & machine learning.  
 
The majority of the presented models, using the given data 
resolution levels during the computations (factors taken into 
account and number of time intervals) do not exceed to the 
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possibilities of the statistical functionalities of Microsoft Excel; 
furthermore, although not as well known, but the optimization 
models can be handled by the built-in Excel Solver (despite the 
serious size limitation of 200 decision variables). The relative 
simplicity of the methodology makes it possible to solve large 
scale real life problems on today’s widespread platforms. This is a 
very important aspect, since this means that in order of 
development, support and solution of the localized version of the 
model, there is no need for special hardware and software 
background, research and viability can be assessed using Excel 
which is essentially available on every computer. The solution of 
the final, more complex and large scale model might require 
specialized optimization software.  
 
The modeling process 
 
The thesis presents the complete process of mathematical geo-
modeling.  
 
Although the data collection phase might seem a relatively simple 
task, it is often a surprisingly demanding and time consuming task, 
with often several implications to the modeling step as well. 
 
During the modeling process, it might seem natural that the after 
determining the information requirements of the model, as a first 
step of implementation we acquire the necessary data. In practice 
however, often the data available/acquirable determines the kind of 
model we build to solve a particular problem. After the data 
collection based on the annual books, reports and correspondence 
with the Hungarian Statistical Agency (KSH), several data tables 
proved to be incomplete; in such cases, the thesis aims to substitute 
the missing data sequences with related data sequences, or to make 
the models independent from them. 
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Figure 2. The process of mathematical geo-modeling 
(CSIZMADIA G. 2008.) 
 
The collected data served as bases and proof for the conclusions 
and models of the basis. During the collection of data, regarding 
the main spheres of interest, I concentrated on the following areas 
(Figure 3): 
 
Formulization of questions, defining aims 
Real original system, based on geo-informatics data 
Collection of data 
Simplified structural data 
Algorithmic description 
Assessing information technological requirements 
Computational implementation 
Checking of results,  
analyzing geo-informatics aspects 
Utilization of results 
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Figure 3. Aspects of data collection 
(CSIZMADIA G. 2008.) 
 
 
4. Main results 
 
The first and most resource intensive step of model building is the 
data collection, identifying the overlapping area of those necessary 
in an optimal case and those that is acquirable. Although model 
building and data collection mutually rely on one other, the natural 
approach puts data collection first nevertheless. 
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Modeling related to unexpected events mainly regard systems and 
resources of strategic importance. Transportation systems like rail, 
roads, waterways and airports, public services like electricity, gas 
and drinking water and most communications system can all be 
modeled as networks. Active capacities like the available 
manpower and available power machines of the regional 
catastrophe recovery and other enterprises, but also passive 
resources like available stocks or storage capacities provided by 
larger firms and supermarkets can all be modeled as resource 
allocation and management models. In both cases, priorities 
typically shift towards more densely populated areas. Assessing 
the importance and weights of the different modeling factors are 
usually also part of the data collection step. 
 
 
Figure 4. Main components of modeling and applications. 
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(CSIZMADIA G. 2008.) 
 
The developed models mainly rely on the methods of mathematical 
statistics for forecasting, while for solving problems regarding 
networks, optimal resource allocation the models are based on 
methods from operations research, paying special attention to 
algorithms for networks, resource usage optimization and methods 
for forecasting and analyzing trends. 
 
The thesis builds models for several applications. In the following 
we provide only a summary of these models due to size 
limitations; however, as a demonstration I present here a concrete 
model regarding development strategies in more detailed with 
actual numerical results for the Trans-Danubian region.  
  
 
Figure 5. The process of risk analysis. 
 (CSIZMADIA G. 2008.) 
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After presenting a model for assessing the components of human 
resources – an example for a project based approach – the thesis 
develops mathematical modeling possibilities for the analysis of 
the economy and for fast decision support for the Trans-Danubian 
region. 
 
The methods of analysis depend on the kind of answers expected. 
Online type decision support (few seconds or less, like for 
checking bank transactions) usually rely on methods based on 
rules. A common property of such systems that they are trained on 
non real time historical datasets, creating a rule system that accepts 
data that harmonizes with the training set, and reject outliers (a 
typical such system are the decision trees).  
 
In case of offline type decision support (in which case there is 
significant time available for analysis) it is often more reliable to 
apply models that are not based on predetermined rules (e.g. 
pattern recognition type algorithms). 
 
 
Figure 6. Layers of the analysis methodology. 
(CSIZMADIA G. 2008.) 
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In case of offline analysis it is important to emphasize the 
difference between risk analysis and risk management. The aim of 
the analysis is to filter, group and preprocess the data, as in this 
case there is a possibility for deeper analysis. 
 
Naturally, data collection is typically followed by simple statistical 
analysis before the data could serve as input for more complex 
models. I analyze and provide forecast for such important factors 
like the change of population or the industrial output of a region, 
the number of enterprises with foreign interest or the percentage of 
their foreign ownership, or to the change in economical activity. 
 
 
Figure 7. Snapshot of the checking calculations. 
(CSIZMADIA G. 2009.) 
 
I test and check my models and computational results by the means 
of using it to predict and check against known data. The average 
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forecast error is around 24%, which - taken into account the rather 
short analyzed period, the data and factors that effect the model but 
can’t be mathematically modeled – is regarded as acceptable. The 
figure above provides a snapshot of the testing process. 
 
Applying statistical models of forecast determining the main 
future sources of endangerment in the Trans-Danubian region 
 
In the following I present a model and the related actual numerical 
results in detail. The main aim of the model is to draw attention to 
the unfavorable economical forecasts of the region through the 
means of statistical and operation research models. 
 
It’s hard to accurately define the factors determining the 
development of a region. Using statistical methods and solution 
methods from operations research, I determine an approximation 
function defining the development of a region based on the main 
regional factors. As a general indicator of development, I chose the 
GDP relative to population. As learning set serving as basis of 
determining the approximation, I used the following main factors: 
 
A. GDP (million forints, per thousand people) 
B. Economical activity (per thousand people) 
C. Number of registered firms (per thousand people) 
D. Ratio of foreign capital in firms with foreign investors 
(million forints, per thousand people) 
E. Average gross salary of employees, physical work 
F. Average gross salary of employees, professionals 
G. Number people employed in research and design (per 
thousand people) 
H. Cost of research and development (million forints, per 
thousand people) 
I. Number of telephone lines (per thousand people) 
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J. Length of all main roads (motorways and main country 
connections), relative to area 
 
Using the quadratic deviance function as a measure of 
approximation error, the determination of the approximation 
function is a minimum squares problem. The value of the error 
variablesε  can be arbitrary. On the other hand, we assume the 
non-negativity of the coefficients B,C,…,J. There are two reasons 
for this. First, from the correlations with the GDP values we see 
that the relation is positive, and on the other hands, without such 
assumptions the models tend to over-optimize the problem; thus 
the inclusion of background knowledge yields a favorable model. 
 
22
...min CsongrádPest εε ++    (so the approximation error is minimal) 
PestPestJPestBPest GDPJxBx =+++ ε)()( ...    (approximation for Pest) 
... 
CsongrádCsongrádJCsongrádBCsongrád GDPJxBx =+++ ε)()( ...    (for Csongrád) 
 
The values of the coefficients of the development function are 
presented together with another aspect of the optimization process. 
 
The actual solution values, and part of the numerical model is 
shown from the screen shot of Xpress 7’s student version, shown 
below.  
(http://optimization.fico.com/student-version-of-fico-xpress.html) 
 
 16 
 
Figure 8. Snapshot of the optimization process.  
(CSIZMADIA G. 2009.) 
 
The aim of the model based on the such determined development 
function is to find those factors for the 3 counties, to where it 
would be the most efficient to concentrate the development efforts 
on. To this aim, the following model finds those values of the 
development function that requires the smallest investment (in 
terms of deviation from the current values) but brings the value of 
the development function level with the national average GDP 
level used as a reference value.  
 
22 )(...)min( JcurrentJAcurrentA xxxx −++−    (looking for the solution 
with minimal deviation) 
78,1... =++ JA JxAx    (for which the approximation reaches the average 
GDP) 
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current
AA xx ≥  
… 
current
JJ xx ≥  
 
Their might be some explanations due on the assumptions that the 
aim coefficient variables are at least as large as the current levels. 
This is because of the nature of operations research models applied 
for economical models, i.e. without that the models might “sell” 
some factors in order to free up resources for factors with higher 
margins (a representative example might be the production of a 
factory: without such constraints we might get solutions suggesting 
to buy back less cost effective products, disassemble them, then 
reassemble into models which are more cost efficient and sell them 
again. This would also mean the obvious over-optimization of the 
model). 
 
Solving the model, I got the following results for the counties of 
the Trans-Danubian region.  
 
Table 1. Fields to invest inprovment on according to the model. 
Baranya 
 
Current 
normalized  
value 
Required 
by 
solution 
Difference 
 
B 0,846 0,846 0,00% 
C 0,897 1,429 59,37% 
D 0,046 0,046 0,00% 
E 0,851 0,974 14,48% 
H 0,496 0,661 33,31% 
I 0,895 0,895 0,00% 
J 0,485 0,749 54,40% 
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Somogy Current Solution Difference 
B 0,789 0,789 0,00% 
C 0,933 1,548 65,80% 
D 0,137 0,137 0,00% 
E 0,803 0,968 20,57% 
H 0,107 0,107 0,00% 
I 0,854 0,854 0,00% 
J 0,689 1,183 71,86% 
 
Tolna Current Solution Difference 
B 0,872 0,872 0,00% 
C 0,792 1,281 61,87% 
D 0,024 0,024 0,00% 
E 0,896 1,188 32,67% 
H 0,062 0,062 0,00% 
I 0,858 0,878 2,32% 
J 0,730 1,278 74,92% 
(Szerk.: CSIZMADIA G. 2008). 
 
In case of Baranya, the model emphasizes the importance of 
improving the willingness to start new enterprises (C), the 
improvement of transportation infrastructure (J), and with less 
importance the spending on research and development (H) and 
slightly the compensation situation of physical workers.  
 
For Somogy, one of the main factors of importance would also be 
the willingness to start new enterprises (C), but even more 
importantly the improvement of transportation infrastructure (J), 
and similarly, the compensation situation of physical workers (E) 
is also part of the solution.  
 
The results for Tolna are similar to Somogy, although the model 
gave a small nonzero priority to the development of 
communication networks as well.  
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5. Summary 
 
I have presented several mathematical models, with which the 
efficiency of the efforts aiming to ease the disadvantaged situation 
of the region can be increased. With the help of several concrete 
numerical calculations, I have drawn conclusions and provided 
development preferences. The robustness and flexibility of the 
model provides quick reassessment in case of unexpected events. 
 
The main results can be summarized as follows: 
- The thesis summarizes the current economical situation and 
expectations of the Trans-Danubian Region, provides an 
extensive introduction to the generally applicable 
mathematical methods and models, including the 
disciplines of statistics, optimization and data mining. 
- The conclusions are backed with extensive data collection 
efforts. 
- The thesis provides models for quick decision support in 
case of unexpected events. 
- It analysis problems related to project management and 
human resources and applies resource allocation models for 
their optimal solutions. 
- It develops and introduces risk analysis and recognition 
methods. 
- It develops and provides numerical results and their 
analysis for the calculation of optimal development plans 
for the Trans-Danubian region. 
 
The development of the region would not be possible without 
innovation. There is a need for new ideas, new activities, new 
products and organizations. There is also a need for economy-
organization type innovation; product innovation; social-political 
innovation. 
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It must be achieved, that together with the improvement of the 
communication systems, new innovations must develop both in 
time and space as quickly as possible. An enterprise friendly 
environment must be formed (supporting banking system, 
enterprise capital, risk capital) and enterprise friendly economical 
politics is necessary. The means of this could be: 
- science parks (e.g. innovation centers in Pécs) 
- technology transfer bases 
- incubation houses 
- industrial parks 
although the environmental conditions should also be met: 
- human resource 
- market view 
 
Together with the developments based on the regions internal 
resources aiming to provide for the local market needs (especially 
due to needs arising with the changes in agriculture) efforts must 
be made to allocate a larger fraction of nation wide resources and 
to integrate more into the international division of labor.  
 
Several presented models will require more detailed analysis and 
significant data collection effort to make then viable for real life 
applications, tough based on the presented results their application 
is very promising. For some models, the application would require 
government level cooperation (like in the case of the presented risk 
analysis models).  
 
The fundamental idea of applications is based on the simple 
customizability and re-calculability of the methods. In case of 
unforeseeable, unexpected economical situations, natural disasters, 
or any other, region wide events, the optimal allocation (or 
reallocation) of available resources the negative effects can be 
minimized.  
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The results of the thesis are based on several already published or 
submitted papers. The presented models are based on well known 
mathematical disciplines; however their applications to the aimed 
problems are new.  
 
The developed models range from one aiming to assist the 
development of the economy, through decision support system and 
human management allocation models to methods of risk analysis. 
Concrete applications are shown on the example of the Trans-
Danubian region.  
 
A significant part of the data used for the analysis in the thesis has 
never been collected and made available in this form before. 
 
Thanks to the relatively simple applied technology the models do 
not require special computational hardware background. 
Connecting the model with the already existing geo-informatics 
systems promise flexible models that are easily populated with up 
to date data. Several model can be applied and localized based on 
widespread readily available software, or at least the applicability 
can be assessed using no more demanding computational 
background that is provided by Excel’s statistical and solver 
functions. The thus developed models can then be applied to large 
scale, real life applications. 
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